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Biochemical differences are known to exist between oocytes that give rise to viable blastocysts compared to oocytes that give rise to embryos that are developmentally compromised. Indeed, mRNA for specific proteolytic enzymes (e.g. cathepsin B) have been shown to be more abundant in in vitro matured bovine oocytes that have diminished developmental potential (Bettegowda, 2008) . The effects of the cysteine proteinase inhibitor, E-64, was recently investigated in bovine cumulus-oocyte-complexes (COCs) chosen to represent both poor-and goodquality oocytes (Balboula, 2010) . These reports revealed that the addition of E-64 promoted both oocyte maturation and subsequent embryo development, presumably through inhibition of cathepsin B.
The focus of this project was to determine if similar results would be obtained in a porcine oocyte/embryo culture system. Specifically, it was hypothesized that E-64 would promote maturation of lower-quality oocytes within an aspirated pool; E-64 was also predicted to have little influence on normal oocytes. To test this hypothesis, E-64 was added to the maturation media of 'good' v. 'poor' COCs that were segregated based on morphological characteristics of the oocytes and by the extent of cumulus cell development. To further determine if cathepsin B itself was influencing COCs, the cathepsin B specific inhibitor, CA-074, was also used during in vitro maturation (IVM) of porcine oocytes. In addition, an analysis of cathepsin mRNA abundance was also performed on cDNA obtained from in vitro matured (IVM) MII oocytes as a model for 'lower' quality oocytes and in vivo (IVV) MII oocytes as a model for 'good' quality oocytes.
To determine the effects of cysteine peptidase inhibitors on in vitro matured cumulus-oocytecomplexes.
Concentrations of 10 µM, 20µM, and 30µM of the cysteine peptidase inhibitor, E-64, were added to in vitro maturation medium prior to the addition of selected oocytes to the medium. The cathepsin B specific inhibitor, CA-074, was added to IVM medium at concentrations of 0.125µM, 0.25µM, 0.5µM, 2µM, 4µM, and 6µM. Oocytes were added to the IVM media in groups totaling 50. Oocytes designated as 'good' possessed three layers of compacted cumulus cells and a homogenous cytoplasm. Oocytes designated as 'poor' displayed compacted cumulus cells in one layer or less and had a non-homogenous cytoplasm, yet were still considered fertilizable. The criteria for defining successful maturation to metaphase II was based on the presence of a polar body and a uniform cytoplasm 44 hours after follicular aspiration.
Following selection, oocytes were placed in 50µL drops of a modified Tris buffered medium (mTBM) and in vitro fertilized by using sperm from a boar with known low polyspermy rates. Cleavage rates were obtained 29 hours post-fertilization based on the presence of 2-4 cell staged embryos. Day six blastocyst rates were also obtained. Total cell numbers were determined after fixation of day six blastocysts in 4% paraformaldehyde and removal of the zonae.
Real-time PCR analysis was performed on cDNA pooled from IVM MII oocytes from prepubertal gilts as well as cDNA pooled from IVV MII oocytes flushed from cycling gilts. RNA was extracted, reverse transcribed, and amplified to provide cDNA. Real-time PCR was performed by using a Bio-Rad thermal cycler and SYBR® Green was used to detect amplified products. Primers for cathepsins B, K, and L were designed by using sequences provided from deep sequencing analysis of IVM, IVV MII oocytes. Real-time results were normalized to the housekeeping gene, YWHAG. Differences between treatments were determined by ANOVA with post-test by Tukey's Multiple Comparison Test. 
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Cathepsin B
Cathepsin B is a cysteine peptidase localized to lysozymes of cells. It functions in protein turnover and as a mediator of induced-apoptosis (Barrett, 1979) . Cathepsin B is a member of the papain-like proteases along with several other cathepsins, such as cathepsin K. The active site of cathepsin B involves a catalytic dyad of Cys-His and is a very efficient peptidyl dipeptidase . Localization in the lysozome suggests the enzyme functions mainly in intracellular protein degradation.
• Addition of E-64 to IVM medium increased rates of maturation in MII oocytes. The highest maturation rates (74%) were seen in treatment groups containing 20µM E-64 ( Fig.1 ) compared to those incubated in the presence of 10 µM E-64 (74% v. 53%; P<0.05) or without E-64 (55%; P<0.05; N=1,750 total oocytes).
• The percent maturation of 'good' oocytes cultured in E-64 was significantly higher than 'good' oocytes not exposed to E-64 (68% v. 56%; P<0.001). 'Poor' oocytes cultured with E-64 also had significantly higher maturation rates compared 'poor' oocytes cultured without E-64 (43% v. 31%; P<0.0001) (Fig. 2 ).
• Day six blastocysts that arose from E-64 treated IVM oocytes exhibited no significant increase in total cell numbers relative to untreated ones ('good' + v. control; P=0.19) (Fig. 3 ).
• The use of a cathepsin B specific inhibitor, CA-074, during IVM of oocytes showed no significant effect on oocyte maturation (Fig. 4) . As with previous experiments, the addition of 20µM E-64 increased oocyte maturation rates (68% v. 50%; P<0.05).
• Real-time PCR analysis revealed that cathepsin K mRNA was elevated in IVM MII oocytes compared to IVV MII oocytes (Fig.5) . Cathepsins B and L were not significantly different between IVM and IVV MII oocytes. The use of 20µM E-64 in IVM media significantly increased maturation rates of porcine oocytes and tended to increase total cell number of blastocysts derived from treated oocytes.
E-64 also significantly increased maturation rates of oocytes segregated based on purported developmental capacity into 'poor' and 'good' groups.
There was no effect from the use of a cathepsin B specific inhibitor, CA-074.
There was an increase in mRNA abundance of cathepsin K in IVM MII oocytes relative to IVV MII oocytes. In contrast, cathepsins B and L were unchanged between the two oocytes groups.
These data suggest that improvements in oocyte maturation arising from E-64 treatment may be due to inhibition of multiple cysteine peptidases and not just from the suppression of cathepsin B, as has been suggested in bovine oocytes.
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